Delineating the reaction mechanism of reductase domains of Nonribosomal Peptide Synthetases from mycobacteria.
Substrate binding to enzymes often follows a precise order where catalysis is accomplished through programmed conformational changes. Short-chain dehydrogenase/reductase (SDR) enzymes follow sequential order 'bi-bi' reaction kinetics. The mechanistic study of a SDR homolog, reductase (R) domain, from multifunctional enzymes, e.g. Nonribosomal Peptide Synthetases (NRPSs) and Polyketide Synthases (PKSs) has revealed that it reductively releases 4'-phosphopantetheinyl arm-tethered peptidyl product. We report that the R-domains of NRPSs from Mycobacterium tuberculosis (RNRP) and Mycobacterium smegmatis (RGPL) do not strictly adhere to the obligatory mode of catalysis performed by SDRs, but instead can carry out reductive catalysis of substrate following random bi-bi reaction mechanism as deciphered by NMR and SAXS studies. The crucial conformational change associated with NADPH binding necessary to achieve catalytically competent conformation is also delineated by SAXS studies. Using ITC, we have demonstrated that mutation of catalytic tyrosine to phenylalanine in R-domains results in 3-4-fold decrease in affinity for NADPH and attribute this phenomenon to loss of the noncovalent cation-π interactions present between the tyrosine and nicotinamide ring. We propose that the adaptation to an alternative theme of bi-bi catalytic mechanism enables the R-domains to process the substrates transferred by upstream domains and maintain assembly-line enzymology.